The present study assessed the morphology of re-epithelized skin following experimental open wound in rat model treated with Vitellaria paradoxa oil. Place and Duration Methodology: Excision wounds were surgically created on three groups of ten rats each (II-IV). Group I was assigned as normal control (no surgery), Group II was treated with Vitellaria paradoxa Adedeji et al.; APRJ, 3(2): 1-11, 2019; Article no.APRJ.51653 2 oil, Group III was treated with Dermazin and Group IV was treated with distilled water. Area (cm 3 ) of the wound were measured on days 3, 6 and 9, the rate of wound healing, re-epithelization of the skin were assessed histologically while the thickness of the granular cells layer and the organization of the epidermal squamous cells were evaluated morphologically, the level of collagen was determined in the wounds treated with Vitellaria paradoxa oil and compared with the collagen level in wound treated with distilled water and dermazin. Results: The wound areas significantly (P < 0.05) reduced in V. paradoxa oil treated group indicating the comparative efficacy of V. paradoxa oil. Histological observations indicated gradual and complete re-epithelization of the skin in Vitellaria paradoxa oil treatments group. Increased in collagen deposition in V. paradoxa oil treated group is also observed (P < 0.05).
INTRODUCTION
Wounds are physical injuries that result in an opening or break of the skin. Proper healing of wounds is fundamental for the renewal of obstructed anatomical continuity and disrupted functional status of the skin [1] . Healing is a complex and complicated process started in response to an injury that restores the function and integrity of damaged tissues [2] . Most conventional treatments for dermal wounds healing were aimed to reduce inflammation. However, the treatment can have a negative impact on wound healing such as atrophy, obesity, osteoporosis and glaucoma [3] . Alternative medicine of plant sources rich in various nutritional factors like proteins, carbohydrates and vitamins, have been used to reveal the promotion of wound healing, because restoring injured dermal tissues requires some amount of energy [4] . Furthermore, antioxidant activities found in plants have shown therapeutic potential of these resources for wound healing [5] .
Vitellaria paradoxa commonly known as Shea butter tree (Sapotaceae); is the only species in the genus indigenous to Africa [6] . The V. paradoxa fruit consist of a thin tart nutritious pulp that surrounds a relatively large oil-rich seed from which the oil is extracted. V. paradoxa oil is an off-white fat extracted from the nut of African Vitellaria paradoxa [7] , it is used by traditional healers as a treatment for rheumatism, inflammation of the nostrils, nasal congestion, leprosy, cough, and minor bone dislocation [8] , soothing and enhance healing after circumcision, and for preventing stretch marks in African pregnant women [9] . There are no reports of allergic reaction owing to consumption of the oil or its produce [10] .
The major components of natural extracts of plants such as phenols, flavonoids and tannins are known to act as antioxidants [11] . This lead to the possibility of using plant resources for dermal wound healing, but the scientific evidence for the effects of potential bioactive compounds and their therapeutic effects is lacking [12] . The preliminary phytochemical screening of V. paradoxa oil shows the presence of tannins, alkaloids, saponins, steroids, flavonoids, anthraquinones and cardiac glycosides [13] . Therefore, the present study is to assess the morphology re-epithelized skin following experimental open wound in rat model treated with Shea butter and should be able to answer the following research questions.
MATERIALS AND METHODS

Sample and Sample Preparation
Vitalleria paradoxa oil were collected from Sagamu market in Ogun State, Nigeria then identified by a Botanist in the Department of Pure and Applied Biology, Ladoke Akintola University of Technology, Ogbomoso, Nigeria.
Animals
The protocol of the study was approved by the Local Ethical Committee for animal experimentation of the Faculty of Basic Medical Sciences of Olabisi Onabanjo University. 40 rats weighing 155-210 g were obtained from animal house of Physiology Department, Ladoke Akintola University of Technology, Ogbomoso, Nigeria and kept in animal house in standard conditions (21°C ± 1°C, humidity 45% and 12-hlight/12-h-dark cycle). They were provided food and water ad libitum during the whole period of the experiment.
Excision Wounds and Treatments
Thirty out of the rats were sedated with intraperitoneal injection of ketamine (80 mgkg -1 ) and xylazine (10 mgkg -1 ) and back were shaved; a lesion was made in the dorsal region with a 2 cm diameter. The animals were randomly distributed into 3 groups (n = 10/group) after recovery from the surgical excision. The treatment was done once per day.
Group I-Control (no surgery)
Group II-Vitalleria paradoxa oil treated group Group III -Dermazin Group IV -Distilled water
Measurement of Wound Area
The progressive change in wound area was measured in mm at every 2 days interval. Progressive decrease in the wound size was monitored periodically.
Histological Examination
At day 13 the experiment was terminated and the wound area was removed from the surviving animals for histological examination. The tissue were processed for histological evaluation according to Tumen et al. [14] , Briefly, samples were fixed in 10% buffered formalin, processed and blocked with paraffin. Then, samples were sectioned into 5 µm-thick sections and stained with hematoxylin and eosin (H&E). The tissues were examined by light microscope (Olympus B x 51 attached d P70 Digital Camera System).
Collagen Special Stain (Masson's Trichrome Staining)
Masson trichrome's staining method was modified from Kiernan [15] . Briefly, granulation skin tissue slides were placed in staining jar and deparaffinized by submerging into three series of absolute xylene for 4 minutes each followed by 100%, 95%, 90%, 80% and 70% of ethanol for 4 minutes in each percentage. The slides then were submerged in warmed Bouin's solution at 60°C for 45 minutes. The slides were then washed in tap water until yellow colour in samples disappeared. To differentiate nuclei, slides were immersed in modified Weigert's haematoxylin for 8 minutes, after that washed in running water for 2 minutes. In order to stain cytoplasms and erythrocytes, slides were submerged in anionic dyes, acid fuschin (C.I. 42590, Merck, Germany) for 5 minutes; then again slides were washed with running tap water for 2 minutes. Next, slides were treated with phosphomolybidic acid solution for another 10 minutes as a mordant and immediately slides were submerged into methyl blue (C.I. 42780, Merck, Germany) solution for 5 minutes in order to stain fibroblast and collagen. After that, slides were washed in running water for 2 minutes and lastly treated with 1% acetic acid solution for 1 minute. Slides then were dehydrated into a series of alcohol of 70%, 80%, 95% and 100% for 1 minutes each percentage. Before observation, slides were dipped into absolute xylene for 1 minute and finally mounted with cover slip using DPX mounting.
Collagen Density Evaluation in Wound
Quantification of collagen deposition in normal wounded tissue stained with Masson's trichrome staining evaluated that collagen deposition and density was significantly (p<0.05) different for every group of post-wounding. Even though the gross observation showed complete epithelisation at day 13. Ratio = (Average collagen intensity under wound/ Average collagen intensity of normal dermis) x100
Statistical Analysis
Statistical significance between means was analyzed by one-way ANOVA using SPSS 16.0 while P < 0.05 was considered statistically as significant.
RESULTS
Effect of Different Treatment Parameters on Wound Area
The wound healing activity of V. paradoxa oil, dermzin and distill water was evaluated on rat in the excision wound models to confirm the wound healing ability. Fig. 1 showed the measured values of the closure progression of wound in different groups. After application of V. paradoxa oil onto wounds, the area of wound reduced 77.59% of their original size on day 4, 92.64% on day 8 and 99.50% on day 13, and complete closure around day 14. In distill water treated animals, the area was reduced to 76.78% (day 4), 92.86% (day 8) and 99.93% (day 13). The wound closure in animals treated with reference drug, dermazin, were 62.05% (day 4), 30% and 92.63% (day 8), 99.78% (day).
Haematoxylin and Eosin (H&E) Staining
The stain in the control group (Plates 1 & 2) showed two principal layers Epidermis (E) and Dermis (D). The epidermis (E) was of stratified squamous epithelium with thin cornification (the stratum corneum). These projections of the sub-epithelial layer into the basal part of the epidermis were the dermal papillae. The dermal papillae accommodated the respective epidermal pegs the bulk of the dermis is made primarily of dense irregular connective tissue. The epidermis of the healing wound showed gradual migration towards the thin epidermis and a process of re-epithelization of the skin during healing process (Plates 2 to 8). There were fewer intra dermal structures such as the hair follicles, the sebaceous gland, below the healing wound (Plates 7 & 8) . The presence of the thin epidermis across the wound area was observed to substantiate the total closure of the wound area in treated rats at third weeks of healing process (Plates 7 & 8). 
Showing normal cells of Hair shaft (A), Fibroblast (B) and Hair follicle (C) with intact Dermal (D) and Epidermal (E) layers. (H & E x400)
The sectioned shows increase in the number of fibrocytes and inflammatory infiltrates (Lymphocytes and macrophages (M)).
Collagen Special Stain (Modified Masson's Trichrome Staining)
Histopathological examinations of the healed wounds are shown in plates 9 to 12. Massontrichrome staining is a typically stain used to assess the advancement of collagen deposition during the formation of granulation tissue and matrix remodeling [16] . The blue colour staining intensity in the present study corresponds to the relative quantity of collagen fiber deposit, which reflects the process of synthesis and degradation and remodeling as well as the timing of the lesion [17] .
Collagen Density Evaluation
Quantification of collagen deposition in normal wounded tissue stained with Masson's trichrome staining showed that collagen deposition and density was significantly (p<0.05) different for every week of post-wounding as presented in Table 1 . Even though the gross observation showed complete epithelisation at day 13. 
DISCUSSION
This research proved the effectiveness of V. paradoxa oil in rat skin wound healing after 13 days, besides the effect of oil on the antiinflammatory activity, its boost in skin reepithelialization, cell proliferation and extracellular cell matrix remodeling.
The synthesis of haemostatic clot at the wound site activates platelets and cells from the region to secrete cytokines which stimulate leukocyte infiltration into the region whereby initiating the inflammatory response [18] . Study by Senapati and co. [19] showed that both proinflammatory and anti-inflammatory factors are involved in mechanisms that comprise the three phases of wound healing.
To prevent against chronic inflammation, delaying of healing mechanism, with possible loss of tissue function as a result of continuous secretion of cytokines and the debridement of the wound by leukocyte, however, the inflammatory response must occur rapidly for the proper healing of the lesions. Thus, the control of pro-and anti-inflammatory molecules is necessary for the physiological healing mechanism, with study of Kant et al. [20] demonstrating the use of plants to decrease inflammation of wounds.
Reepithelialization
is another essential mechanism for skin wound healing and it begins some hours after the injury, but it has the most evident activity in the proliferative phase of healing, finishing during the remodeling of the extracellular matrix [21] . The keratinocytes present at the border of the wounds secrete growth factors that stimulate the proliferation and migration of these cells to the covering of the injured area [21] .
Remodeling phase is the last stage of the process of skin wound healing by which the provisional extracellular matrix is restored, the injured area is completely reepithelialized, and a myofibroblast-mediated contractile response of the injury occurs. Myofibroblasts with multiple binding sites binds to collagen fibers and contract, reducing the wound area [22] . The results obtained showed that V. paradoxa oil affect myofibroblast differentiation through these pathways, with possibility of myofibroblast retraction being responsible for wound area reduction [23] . Together with hemostatic clot formation and inflammation, the cells of the region synthesize growth factor which stimulates cells migration and proliferation and the synthesis of provisional extracellular matrix responsible for the local filling and maintenance of healing mechanisms until extracellular matrix is permanently restored [21] .
The result showed enhancement of cutaneous healing, which appeared completed in 13th day with the application V. paradoxa oil. The histological findings showed that the original tissue regeneration is much greater in skin wounds treated with the oil than in wounds distilled water treated rat. The wound contraction is mediated by specialized myofibroblasts found in the granulated tissue [24] . Therefore, the increase in wound contraction in V. paradoxa oil treated group might be a result of the enhanced activity of fibroblasts [24] .
Response to injury involves the migration and proliferation of cells such as endothelial, fibroblasts and epithelial cells and deposition of connective tissue and contraction of the wound. Collagen plays an important role in homeostasis and in epithelialization at the later phase of healing as well as confers strength and integrity to the tissue matrix [25] . The present finding revealed that treatment with V. paradoxa oil caused an increased in the deposition of the bands of collagen, a phenomenon that appears to contribute with the increase in wound contraction [25] .
Skin wound healing starts immediately after injury and consists of three phases: inflammation, proliferation, and maturation. The first response is inflammation, acting as a defense mechanism of the tissue, able to provide a resistance to the microbial contaminations [26] . But, a long duration in the inflammatory phase causes a delay in healing process. Antiinflammatory activity is necessary to shorten the healing period [27] . Therefore, the wound healing activity of V. paradoxa may be related to its remarkable anti-inflammatory effect as presented in studies of Silva et al. [28] and Thomazzi et al. [29] .
Collagen fiber plays a dominant role in preserving the anatomic integrity of wound healing. When tissues are disrupted following injury, collagen is needed to repair the defect in order to restore anatomic structure and function. Enoch and Leaper [30] reported that the three alpha chains of collagen intertwine into a triple helix which is very important in all stages of the wound healing process as it provides strength and integrity to all tissues. Kondo [26] confirmed that secretion of collagen subtype increases during the proliferative phase of the wound healing mechanism within the injury site to replace necrotic tissue. Meanwhile in the remodeling phase of the wound healing process, the collagen is cross-linked into a more organized structure to produce greater wound tensile strength [22] .
Greater tissue regeneration was observed in the V. paradoxa treated group and Dermazin treated group as demonstrated by the complete epithelization, significantly higher collagen deposition and granulation tissues compared to the healed wounds dressed with Dermazin and distilled water. The increased hydroxyproline content of the granulation tissue of the treatment groups is an indication of increased collagen turnover. Collagen provides strength and support to the extracellular tissue as the major component of granulation tissue which is the foremost constituent. It is composed of the amino acid, hydroxyproline, which is used as a biochemical marker for tissue collagen [31] .
The present investigation showed that the greater collagen deposition in V. paradoxa treated wounds. This observation indicates that the collagen deposition in treated wounds must have undergone a greater degree of cross-linking resulting in an ultimate increase in wound strength, which was further confirmed by the tensile strength of the wounds.
CONCLUSION
The results of the study indicated that V. paradoxa oil is a good potential in reepithelization of open wound with no clinical disadvantage such as body weight, rectal temperature, packed cell volume using rats as animal model.
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